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THREE-DIMENSIONAL LIQUID CRYSTAL 
DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2003 
179668, ?led Jun. 24, 2003, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a liquid crystal display 

device Which displays a three-dimensional color image. 
2. Description of the Related Art 
There has heretofore been a liquid crystal display device 

Which displays a three-dimensional image. In the device, an 
image for the left eye is displayed every other roW of pixels of 
a liquid crystal display panel, and an image for the right eye is 
displayed every remaining other roW of pixels. The images for 
the right and left eyes are ob served by the observer’ s right and 
left eyes via a lenticular lens or a parallax barrier. The len 
ticular lens distributes emitted light from one line of pixels 
and that from the other line of pixels of the liquid crystal 
display panel in the observer’s right and left eye directions. 
The parallax barrier has a plurality of transmitting and inter 
rupting portions Which are alternately arranged in parallel 
With the pixel line of the liquid crystal display panel and 
formed in stripes. The above technic are described in for 
example, Jpn. Pat. Appln. KOKAI Publication Nos. 
03-11889, 07-5455, and 10-268230. 

Since the image for the left eye is displayed by the pixels 
every other roW, and the image for the right eye is displayed 
by the pixels every remaining other roW of the liquid crystal 
display panel in the liquid crystal display device for display 
ing the three-dimensional images, both the images have loW 
resolution. 

Additionally, in the conventional liquid crystal display 
device, lens portions of the lenticular lens having a lens pitch 
corresponding to the pixel pitch of the liquid crystal display 
panel, or transmitting portions of the parallax barrier having a 
transmitting portion pitch corresponding to the pixel pitch 
have to be disposed for the pixels of the respective lines of the 
liquid crystal display panel With a predetermined positional 
relationship and With good precision. Therefore, it has been 
dif?cult to manufacture the device. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide a liquid 
crystal display device Which is capable of displaying a three 
dimensional color image having a high resolution and Which 
can be easily manufactured. 

To achieve the above-described object, according to a ?rst 
aspect of the present invention, there is provided a three 
dimensional liquid crystal display device comprising: 

a liquid crystal display panel including a plurality of pixels 
arranged in a matrix form, these pixels selectively displaying 
images for the right and left eyes for observation separately 
With the right and left eyes; 

a plane light source Which is disposed on a side opposite to 
an observation side of the liquid crystal display panel and 
Which emits a ?rst illuminative light having such a directivity 
that a peak of an emitted light intensity exists in a ?rst direc 
tion inclined at an angle in a direction of one of the observer’ s 
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2 
right and left eyes With respect to a normal line of the liquid 
crystal display panel, and a second illuminative light having 
such a directivity that a peak of an emitted light intensity 
exists in a second direction inclined at an angle in a direction 
of the other observer’s eye With respect to the normal line 
toWard the liquid crystal display panel; and 

control means for successively selecting image data for the 
left eye for displaying the image for the left eye and image 
data for the right eye for displaying the image for the right eye 
to Write the data into each pixel of the liquid crystal display 
panel and for selectively emitting the ?rst and second illumi 
native light having the directivities corresponding to the data 
for the right and left eyes Written in the respective pixels of the 
liquid crystal display panel among the ?rst and second illu 
minative lights from the plane light source in synchronization 
With the display of the liquid crystal display panel by the 
Writing of the image data. 

According to the three-dimensional liquid crystal display 
device, the liquid crystal display panel Which selectively dis 
plays the images for right and left eyes for the observation 
separately With the right and left eyes, and the plane light 
source Which emits the ?rst and second illuminative lights 
having such directivities that the peaks of the emitted light 
intensities exist in the directions of the observer’s right and 
left eyes are used. In accordance With the display of the 
right/left image of the liquid crystal display panel, the ?rst or 
second illuminative light is selected from the plane light 
source, and applied onto the liquid crystal display panel. 
Therefore, since all the pixels of the liquid crystal display 
device are used to display an image, a three-dimensional 
color image having a high resolution can be displayed, and 
further the device can be easily manufactured. 

In this three-dimensional liquid crystal display device, the 
plane light source comprises: at least tWo light emitting ele 
ments; a light guide plate Which guides at least tWo lights 
produced by these light emitting elements to emit the light 
toWard different directions inclined With respect to the normal 
line of a light guide plate surface; and a collimating ?lm 
Which emits one of the lights emitted toWard the respective 
different directions from the light guide plate as the ?rst 
illuminative light toWard the ?rst direction and Which emits 
the other light as the second illuminative light toWard the 
second direction. Furthermore, the light guide plate com 
prises a plate-like transparent member including ?rst and 
second incidence end surfaces Which are formed on end sur 
faces of a transparent material, facing each other and upon 
Which the light is incident, and an emission surface to emit the 
light Which is incident upon the ?rst and second incidence end 
surfaces and Which is guided in the transparent member in 
mutually different directions. The light emitting element 
comprises ?rst and second light emitting elements Which are 
disposed on the ?rst and second incidence end surfaces of the 
light guide plate to face each other and Which selectively emit 
the light toWard the incidence end surface. The collimating 
?lm preferably comprises an optical ?lm Which is disposed 
on the emission surface of the light guide plate and Which 
emits the light incident upon the light guide plate via the ?rst 
incidence end surface and emitted from the emission surface 
as a ?rst illuminative light having such a directivity that a peak 
of emitted light intensity exists in a ?rst direction and Which 
emits the light incident upon the light guide plate via the 
second incidence end surface and emitted from the emission 
surface as a second illuminative light having such a directivity 
that a peak of emitted light intensity exists in a second direc 
tion. 
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According to a second aspect of the present invention, there 
is provided a three-dimensional liquid crystal display device 
comprising: 

a liquid crystal display panel including a plurality of pixels 
arranged in a matrix form, in these pixels, color image data of 
three colors of red, green and blue in color images for right 
and left eyes for observation separately With the right and left 
eyes being selectively Written, the panel selectively display 
ing color images of three colors of red, green and blue in the 
color images for the right and left in accordance With the color 
image data for the right and left eyes; 

a plane light source Which is disposed on a side opposite to 
an observation side of the liquid crystal display panel and 
Which emits a ?rst illuminative light of three colors of red, 
green and blue, having such a directivity that a peak of an 
emitted light intensity exists in a ?rst direction inclined at a 
predetermined angle in a direction of one of observer’s right 
and left eyes With respect to a normal line of the liquid crystal 
display panel, and a second illuminative light of three colors 
of red, green and blue, having such a directivity that a peak of 
an emitted light intensity exists in a second direction inclined 
at a predetermined angle in a direction of the other observer’ s 
eye With respect to the normal line toWard the liquid crystal 
display panel; and 

control means for selecting unit color image data of three 
colors of red, green and blue for displaying the color image 
for the left eye, and unit color image data of three colors of 
red, green and blue for displaying the color image for the right 
eye in a predetermined optional order to Write the data in 
pixels of the liquid crystal display panel in a frame for dis 
playing a three-dimensional image comprising the color 
images for the right and left eyes, and for emitting an illumi 
native light having color and directivity corresponding to the 
unit color image data Written in each pixel of the liquid crystal 
display panel in the ?rst and second illuminative lights from 
the plane light source in synchronization With the Writing of 
the unit color image data. 

The three-dimensional liquid crystal display device com 
prises: the liquid crystal display panel Which selectively dis 
plays the color image of three colors of red, green and blue of 
the color images for right and left eyes in accordance With the 
color image data for the right and left eyes; the plane light 
source Which irradiates the liquid crystal display panel With 
the ?rst and second illuminative lights emitting the lights of 
three colors of red, green and blue, having such directivities 
that the peaks of the emitted light intensities exist in the ?rst 
and second directions of observer’s right and left eyes; and 
the control means for selecting the unit color image data of 
three colors of red, green and blue for displaying the color 
images for the right and left eyes in the predetermined order 
to Write the data in the pixels of the liquid crystal display panel 
in the frame, and for emitting the illuminative light having the 
color and directivity corresponding to the Written unit color 
image data of the ?rst and second illuminative lights from the 
plane light source from the plane light source in synchroni 
Zation With the Writing of the unit color image data. The 
three-dimensional color image is displayed by ?eld sequen 
tial display, and six unit color images in total including red, 
green and blue images for the right and left eyes can be 
displayed in the frame using all pixels of the liquid crystal 
display panel. Therefore, the three-dimensional color image 
having the high resolution can be displayed. Additionally, by 
the use of the plane light source Which irradiates the liquid 
crystal display panel With the ?rst and second illuminative 
lights emitting the lights of three colors of red, green andblue, 
having such directivity that the peaks of the emitted light 
intensities exist in the ?rst and second directions of the 
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4 
observer’s right and left eyes, the image incident upon the 
observer’s right and left eyes is selected, and therefore the 
structure is simple, and can be easily manufactured. 

In this three-dimensional liquid crystal display device, the 
plane light source preferably comprises: at least tWo light 
emitting elements Which selectively emit lights of three col 
ors of red, green and blue; a light guide plate Which guides the 
respective lights produced by these light emitting elements to 
emit the light toWard different directions inclined With respect 
to a normal line of a light guide plate surface; and a collimat 
ing ?lm Which emits one of the lights emitted toWard the 
respective different directions from the light guide plate as the 
?rst illuminative light toWard the ?rst direction and Which 
emits the other light as the second illuminative light toWard 
the second direction. Furthermore, the collimating ?lm 
includes a plurality of elongated ridges disposed in parallel 
With the ?rst and second incidence end surfaces of the light 
guide plate on the surface facing the light guide plate, and 
each of the plurality of elongated ridges preferably includes: 
an incidence surface Which faces the emission surface of the 
light guide plate to guide the light emitted in mutually differ 
ent directions from the emission surface of the light guide 
plate; a ?rst re?ective surface Which re?ects one of the lights 
of the mutually different directions, guided from the inci 
dence surface, in a ?rst direction; and a second re?ective 
surface Which re?ects the other light having the different 
direction, guided from the incidence surface, in a second 
direction. 

Furthermore, the light guide plate comprises a plate-like 
transparent member including: ?rst and second incidence end 
surfaces Which are formed on end surfaces of the transparent 
member facing each other and upon Which the light is inci 
dent; and an emission surface Which emits the light incident 
upon the ?rst and second incidence end surfaces and guided in 
the transparent member in mutually different directions. The 
light emitting element comprises ?rst and second light emit 
ting elements Which are disposed on the ?rst and second 
incidence end surfaces of the light guide plate to face each 
other and Which produce the lights of three colors of red, 
green and blue to selectively emit the lights to the incidence 
end surfaces. The collimating ?lm preferably comprises an 
optical ?lm Which is disposed on the emission surface of the 
light guide plate and Which emits the light incident upon the 
light guide plate via the ?rst incidence end surface and emit 
ted from the emission surface as a ?rst illuminative light 
having such directivity that the peak of the emitted light 
intensity exists in the ?rst direction and Which emits the light 
incident upon the light guide plate via the second incidence 
end surface and emitted from the emission surface as a second 
illuminative light having such directivity that the peak of the 
emitted light intensity exists in the second direction. The 
collimating ?lm comprises an elongated ridge formed on a 
base ?lm, and the elongated ridge comprises: ?rst and second 
re?ective surfaces comprising circular surfaces intersecting 
With the surface of the base ?lm; and an incidence surface 
parallel to the emission surface of the light guide plate inter 
secting With the circular surface. Further in the collimating 
?lm, the elongated ridge comprising tWo circular surfaces and 
one plane may also be formed on the base ?lm, While the 
adjacent elongated ridges are brought into close contact. Fur 
thermore, in the collimating ?lm, the incidence surface of the 
elongated ridge may also be disposed in close contact With the 
emission surface of the light guide plate. Furthermore, in the 
collimating ?lm, the incidence surface of the elongated ridge 
is preferably bonded to the emission surface of the light guide 
plate via an adhesive layer, and further the elongated ridge of 
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the collimating ?lm is preferably formed of a transparent 
material Whose refractive index is substantially equal to that 
of the light guide plate. 

In this three-dimensional liquid crystal display device, the 
control means Writes unit color image data of three colors of 
red, green and blue of the color image for the left eye and that 
of three colors of red, green and blue of the color image for the 
right eye in order into the respective pixels of the liquid 
crystal display panel. Alternatively, the means Writes the unit 
color image data of red of the color image for the left eye, that 
of red of the color image for the right eye, that of green of the 
color image for the left eye, that of green of the color image 
for the right eye, that of blue of the color image for the left eye, 
and that of blue of the color image for the right eye in order 
into the respective pixels of the liquid crystal display panel. 
Alternatively, the means Writes the unit color image data of 
red of the color image for the left eye, that of blue of the color 
image for the right eye, that of green of the color image for the 
left eye, that of green of the color image for the right eye, that 
of blue of the color image for the left eye, and that of red of the 
color image for the right eye in order into the respective pixels 
of the liquid crystal display panel. Alternatively, the means 
Writes the unit color image data of red of the color image for 
the left eye, that of green of the color image for the left eye, 
that of blue of the color image for the right eye, that of green 
of the color image for the right eye, that of blue of the color 
image for the left eye, and that of red of the color image for the 
right eye in order into the respective pixels of the liquid 
crystal display panel. In synchronization With end of the 
Writing, lighting of the light source is controlled in accor 
dance With the color of the Written unit color image data and 
the Written image data for the right and left eyes. 

The liquid crystal display panel may be a liquid crystal 
display element of TN mode, comprising: a pair of substrates 
on Which electrodes are formed; a liquid crystal layer sealed 
betWeen the electrodes and tWisted/ oriented by 90°; and a pair 
of polariZing plates disposed via the pair of substrates, or a 
liquid crystal display element of homogeneous orientation, 
comprising a homogeneously oriented liquid crystal layer 
Without tWisting/ orienting the liquid crystal layer. 

Further in the three-dimensional liquid crystal display 
device, at least one directive diffusion plate having diffusion 
characteristics With respect to the light incident from the 
predetermined direction may also be disposed betWeen the 
liquid crystal display panel and the plane light source. The 
directive diffusion plate may further comprise: a ?rst direc 
tive diffusion plate having diffusion characteristics With 
respect to the ?rst illuminative light emitted in the ?rst direc 
tion from the plane light source; and a second directive dif 
fusion plate having the diffusion characteristics With respect 
to the second illuminative light emitted in the second direc 
tion from the plane light source. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice of 
the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumentali 
ties and combinations particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate embodi 
ments of the invention, and together With the general descrip 
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6 
tion given above and the detailed description of the embodi 
ments given beloW, serve to explain the principles of the 
invention. 

FIG. 1 is an exploded perspective vieW of a liquid crystal 
display device according to an embodiment of the present 
invention; 

FIG. 2 is a side vieW of the liquid crystal display device; 
FIG. 3 is a sectional vieW of a liquid crystal display panel; 
FIG. 4 is an enlarged side vieW of a part of a collimating 

?lm of a plane light source in the liquid crystal display device; 
FIG. 5 is a diagram shoWing an emission state of an illu 

minative light for the left eye from the plane light source; 
FIG. 6 is a diagram shoWing an emission state of an illu 

minative light for the right eye from the plane light source; 
FIG. 7 is an intensity distribution diagram of the illumina 

tive lights for the right and left eyes, emitted from the plane 
light source; 

FIG. 8 is a diffusion characteristic diagram of directive 
diffusion plates for the right and left eyes in the liquid crystal 
display device; 

FIG. 9 is a diagram shoWing an example of a display order 
of monochromatic images for the right and left eyes in the 
liquid crystal display device; 

FIG. 10 is a diagram shoWing another example of the 
display order of the monochromatic images for the right and 
left eyes; 

FIG. 11 is a diagram shoWing another example of the 
display order of the monochromatic images for the right and 
left eyes; 

FIG. 12 is a diagram shoWing another example of the 
display order of the monochromatic images for the right and 
left eyes; 

FIG. 13 is a diagram shoWing another example of the 
display order of the monochromatic images for the right and 
left eyes; and 

FIG. 14 is a side vieW of the plane light source shoWing 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGS. 1 to 13 shoW an embodiment of the present inven 
tion, in Which FIG. 1 is an exploded perspective vieW of a 
liquid crystal display device, FIG. 2 is a side vieW of the liquid 
crystal display device, and FIG. 3 is a sectional vieW of a 
liquid crystal display element for use in the liquid crystal 
display device. 
As shoWn in FIGS. 1 to 3, the liquid crystal display device 

includes a liquid crystal display panel 1 including a plurality 
of pixels Which are arranged in a matrix form and in Which 
image data for right and left eyes are selectively Written for 
observation separately With the right and left eyes, to selec 
tively display images for the right and left eyes in accordance 
With the image data for the right and left eyes. A plane light 
source 6 is disposed on a side opposite to (hereinafter referred 
to as an incidence side) an observation side (upper side in the 
draWing) of the liquid crystal display panel 1. First and sec 
ond directive diffusion plates 18, 19 are disposed betWeen the 
liquid crystal display panel 1 and the plane light source 6. A 
control means 20 is provided for driving the liquid crystal 
display panel 1 and the plane light source 6. 
As shoWn in FIG. 3, the liquid crystal display panel 1 is an 

active matrix liquid crystal display panel using, for example, 
thin ?lm transistors (TFTs) as active elements. The panel 
includes a pair of transparent substrates 2, 3 bonded via a 
frame-shaped sealing material (not shoWn provided therebe 
tWeen). On one substrate, for example, a surface of an inci 
dence-side substrate 2, facing an observation-side substrate 3, 
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a plurality of transparent pixel electrodes 102 arranged in a 
matrix form in line and roW directions; a plurality of TFTs 1 01 
connected to the pixel electrodes 102; a plurality of gate 
Wirings (not shoWn) Which supply gate signals to the TFTs 
101 of lines; and a plurality of data Wirings (not shoWn) Which 
supply data signals to the TFTs 101 of roWs are disposed. On 
the surface of the other substrate 3 on the observation side, 
Which faces the substrate 2 on the incidence side, a transpar 
ent facing electrode 103 formed of a ?lm is disposed to form 
a plurality of pixels arranged in the matrix form by regions 
facing the plurality of pixel electrodes 102. A liquid crystal 
layer 104 is disposed in a region surrounded With the sealing 
material betWeen the substrates 2, 3. 

The incidence-side substrate 2 includes driver mounted 
portions 211, 2b (FIG. 1) laterally protruding to the outside of 
the observation-side substrate 3 on edges of the line and roW 
directions. The gate Wirings are connected to a gate-side 
driver 4 mounted on the driver mounted portion 2a extended 
in the line direction, and the data Wirings are connected to a 
data-side driver 5 mounted on the driver mounted portion 2b 
extended in the roW direction. The facing electrode 103 is 
connected to reference potentials of one or both of the gate 
side driver 4 and the data-side driver 5 via cross connection 
portion disposed on a substrates-bonded portion by the seal 
ing material and a facing electrode connection Wiring formed 
on one or both of the driver mounted portions 211, 2b. 

The liquid crystal display panel 1 may be, for example, a 
panel of tWisted nematic (TN) type in Which orientation treat 
ment directions of orientation ?lms 105, 106 formed on the 
facing surfaces of the pair of substrates 2, 3 are set to 90° and 
in Which liquid crystal molecules of the liquid crystal layer 
104 are tWisted/oriented substantially at a tWist angle of 900 
betWeen the pair of substrates 2, 3. Alternatively, the panel 
may be a liquid crystal display element of homogeneous 
orientation type, in Which the orientation treatment directions 
of the orientation ?lms 105, 106 formed on the facing surfaces 
of the pair of substrates 2, 3 are set to be parallel to each other 
and in Which liquid crystal molecules of the liquid crystal 
layer 104 are oriented in parallel and homogeneously Without 
being substantially tWisted/oriented betWeen the pair of sub 
strates 2, 3. An incidence-side polarizing plate 107 and a 
display-side polariZing plate 108 are disposed on the outer 
surfaces of the pair of substrates 2, 3 in such a manner that 
transmitting axes substantially cross each other at right angles 
or are disposed substantially parallel to each other. Further 
more, to improve characteristics of an angle of vision or 
contrast of the liquid crystal display element, if necessary, a 
phase plate 109 is disposed betWeen the display-side polar 
iZing plate 108 and the substrate 3. 

The plane light source 6 emits a ?rst illuminative light 
(hereinafter referred to as the illuminative light for the left 
eye) of three colors of red, green and blue having such direc 
tivity that a peak of an emitted light intensity exists in a 
direction of one of the display observer’s right and left eyes 
With respect to a normal line of the liquid crystal display panel 
1, for example, in a ?rst direction inclined at a predetermined 
angle in a direction of the left eye (hereinafter referred to as 
the left-eye direction). The source also emits a second illumi 
native light (hereinafter referred to as the illuminative light 
for the right eye) of three colors of red, green and blue having 
such directivity that the peak of the emitted light intensity 
exists in a direction of the other eye of the display observer 
With respect to the normal line, that is, in a second direction 
inclined at a predetermined angle in a direction of the right 
eye (hereinafter referred to as the right-eye direction) toWard 
the liquid crystal display panel 1. 
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8 
The plane light source 6 comprises a light guide plate 7 

formed of a plate-like transparent member, ?rst and second 
light emitting elements 11a, 11b Which emit light toWard the 
light guide plate 7, and a collimating ?lm 12 superposed on 
the light guide plate. The light guide plate 7 comprises ?rst 
and second incidence end surfaces 811, 8b Which are formed 
on opposed end surfaces of the transparent plate 7 and upon 
Which the light is incident and an emission surface 9 to emit 
the light Which is incident upon the ?rst and second incidence 
end surfaces 811, 8b and Which is guided in the transparent 
member 7 in mutually different directions, and a re?ective 
surface 10 Which re?ects the light incident upon the transpar 
ent member via the incidence end surfaces 811, 8b, toWard the 
emission surface 9. The ?rst and second light emitting ele 
ments 11a, 11b are disposed facing the ?rst and second inci 
dence end surfaces 811, 8b of the light guide plate 7, and 
selectively emit the lights of three colors of red, green and 
blue toWard the incidence end surfaces 811, 8b. The collimat 
ing ?lm 12 is disposed on the side of the emission surface 9 of 
the light guide plate 7, and emits the light incident upon the 
light guide plate 7 via the ?rst incidence end surface 811 and 
emitted from the emission surface 9 as the illuminative light 
for the left eye, having such a directivity that the peak of the 
emitted light intensity exists in the left-eye direction. The ?lm 
12 also emits the light incident upon the light guide plate 7 via 
the second incidence end surface 8b and emitted from the 
emission surface 9 as the illuminative light for the right eye 
having such a directivity that the peak of the emitted light 
intensity exists in the right-eye direction. 
The light guide plate 7 is formed of an acrylic resin having 

a refractive index of 1.49. The emission surface 9 of the plate 
has an area larger than a display area 110 (FIG. 1) in Which a 
plurality of pixels of the liquid crystal display panel 1 are 
arranged in the matrix form. The emission surface 9 of one 
plate surface of the light guide plate 7 and the re?ective 
surface 10 of the other plate surface are formed in ?at surfaces 
extending parallel to each other. The ?rst and second inci 
dence end surfaces 811, 8b are formed on surfaces vertical to 
the emission and re?ective surfaces 9, 10. 
An inner structure of each of the ?rst and second light 

emitting elements 11a, 11b is not shoWn. Each of the ele 
ments may comprise a red light emitting diode (LED) emit 
ting a red light, a green LED emitting a green light, and a blue 
LED emitting a blue light. These LEDs are selectively driven, 
and selectively emit the lights of three colors of red, green and 
blue toWard the incidence end surfaces 811, 8b of the light 
guide plate 7. 

Instead, the ?rst and second light emitting elements may 
also be three cold cathode tubes Which emit the lights of the 
red, green and blue colors. 

In the folloWing, the ?rst light emitting element 11a dis 
posed facing the ?rst incidence end surface 811 on the right 
side (left side in FIGS. 1 and 2) vieWed from the observation 
side of the liquid crystal display panel 1 in the ?rst and second 
incidence end surfaces 811, 8b of the light guide plate is 
referred to as a light emitting element for the left eye. The 
second light emitting element 11b disposed facing the second 
incidence end surface 8b on the left side (right side in FIGS. 
1 and 2) vieWed from the observation side is referred to as a 
light emitting element for the right eye. 
The collimating ?lm 12 comprises a transparent base ?lm 

13 having an area corresponding to the Whole region of the 
display area 110 of the liquid crystal display panel 1, and a 
plurality of transparent elongated ridges 14 disposed parallel 
to the ?rst and second incidence end surfaces 8a, 8b of the 
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light guide plate 7 and at a predetermined pitch in the Whole 
area of the surface of the base ?lm 13 facing the light guide 
plate 7. 

FIG. 4 is an enlarged side vieW of a part of the collimating 
?lm 12. Each of the elongated ridges 14 of the collimating 
?lm 12 includes an incidence surface 15 Which faces the 
emission surface 9 of the light guide plate 7 and upon Which 
the light emitted in the mutually different direction from the 
emission surface 9 of the light guide plate 7 is incident. The 
?lm 12 further includes ?rst and second re?ective surfaces 
16a, 16b. One surface 16a is positioned betWeen one side 
edge of the incidence surface 15, for example, a left edge 
vieWed from the observation side of the liquid crystal display 
panel 1 (right side edge in FIG. 4) and the base ?lm 13, and 
re?ects one of the lights of the mutually different directions, 
introduced from the incidence surface 15, that is, the light of 
a left direction vieWed from the observation side in the left 
eye direction. The other surface 16b is positioned betWeen the 
other side edge of the incidence surface 15 (the right edge 
vieWed from the observation side) and the base ?lm 13, and 
re?ects the other light in the mutually different directions, 
introduced from the incidence surface 15, that is, the light of 
a right direction vieWed from the observation side in the 
right-eye direction. 

Each elongated ridge 14 has a sectional shape in Which a 
trapezoidal shape having an equal inclination angle of right/ 
left oblique line shoWn by a virtual line (tWo-dot chain line) in 
FIG. 4 is a base. The incidence surface 15 is formed by a top 
face, and right and left inclined surfaces form said ?rst and 
second re?ective surfaces 16a, 16b. 
The incidence surface 15 of the elongated ridge 14 is 

formed in a Width slightly smaller than a top side length of the 
trapezoidal shape. A base portion of the ?rst and second 
re?ective surfaces 16a, 16b (portion on a base ?lm 13 side) is 
formed on a linear regular re?ective surface Which matches 
the oblique side of the trapeZoidal shape, and a portion on an 
incidence surface 15 side is formed in a condenser re?ective 
surface curved in an outWardly protruding circular shape. 
The collimating ?lm 12 is prepared by molding a resin, 

using, for example, a metal mold, to form the plurality of 
elongated ridges 14 on one surface (surface facing the light 
guide plate 7) of the base ?lm 13. The base ?lm 13 is formed 
of polyethylene terephthalate (PET) having a refractive index 
of 1.55. The elongated ridge 14 is formed of an acrylic resin 
having a refractive index (1.49) Which is equal to that of the 
light guide plate 7. 

In the collimating ?lm 12, as shoWn in FIG. 2, the incidence 
surfaces 15 of the elongated ridges 14 are bonded to the 
emission surface 9 of the light guide plate 7 via an acrylic 
adhesive 17. The material 17 has a refractive index substan 
tially equal to that of the light guide plate 7 or the elongated 
ridge 14 of the collimating ?lm 12. Thus, the incidence sur 
faces 15 of the elongated ridges 14 are closely attached to the 
emission surface 9 of the light guide plate 7. 

The plane light source 6 is disposed in such a manner that 
the surface of the collimating ?lm 12 on the base ?lm 13 side 
face the liquid crystal display panel 1 on the incidence side 
(side opposite to the observation side) of the liquid crystal 
display panel 1. 

FIG. 5 shoWs an emission state of the illuminative light for 
the left eye from the plane light source 6. At this time, the light 
emitting element 11b for the right eye 11b is in an off-state, 
and only the light emitting element 11a for the left eye is 
turned on. 

The light (light of any color of red, green and blue) emitted 
from the light emitting element 11a for the left eye is incident 
upon the light guide plate 7 via the ?rst incidence end surface 
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10 
811. As shoWn by arroW lines in FIG. 5, the light is totally 
re?ected by an interface betWeen the re?ective surface 10 of 
the light guide plate 7 and outside air (air layer having a 
refractive index of l ), and an interface betWeen a region of the 
elongated ridge 14 other than a closely attached portion and 
the outside air (interface betWeen the surface of the adhesive 
17 and the outside air in a region coated With the adhesive 17) 
in the emission surface 9 of the light guide plate 7. The light 
is thus laterally guided into the substantially Whole region in 
the light guide plate 7. In this guiding process, in the emission 
surface 9 of the light guide plate 7, the light guided to the 
closely attached surface to the elongated ridges 14 passes 
through the adhesive 17, and is guided into the elongated 
ridges 14 of the collimating ?lm 12 via their incidence sur 
faces 15. 

Since this light is incident upon the light guide plate 7 via 
the ?rst incidence end surface 811 on the right side vieWed 
from the observation side of the liquid crystal display panel 1, 
as shoWn in FIG. 5, the light is introduced into the elongated 
ridges 14 of the collimating ?lm 12 via the incidence surfaces 
15 toWard a direction opposite to the ?rst incidence end 
surface 811 With respect to the normal line of the emission 
surface 9 of the light guide plate 7, that is, toWard the direction 
inclined on the left side vieWed from the observation side. 
Then, the light is totally re?ected by the interfaces betWeen 
the ?rst re?ective surfaces 16a of the elongated ridges 14 on 
the left side vieWed from the observation side and the outside 
air. The light passes through the base ?lm 13 of the collimat 
ing ?lm 12 as the illuminative light for the left eye having such 
a directivity that the peak of the emitted light intensity exists 
in the left-eye direction (the direction inclined at the prede 
termined angle in the direction of the display observer’s left 
eye With respect to the normal line of the liquid crystal display 
panel 1), and is emitted toWard the liquid crystal display panel 
1. 

FIG. 6 shoWs an emission state of the illuminative light for 
the right eye from the plane light source 6. At this time, the 
light emitting element 11a for the left eye is in the off-state, 
and only the light emitting element 11b for the right eye is 
turned on. 

The light (light of any color of red, green and blue) emitted 
from the light emitting element 11b for the right eye is inci 
dent upon the light guide plate 7 via the second incidence end 
surface 8b. As shoWn by arroW lines in FIG. 6, the light is 
totally re?ected by an interface betWeen the re?ective surface 
10 of the light guide plate 7 and the outside air, and an 
interface betWeen the region of the elongated ridges 14 except 
the closely attached portion and the outside air (interface 
betWeen the surface of the adhesive 17 and the outside air in 
the region coated With the adhesive 17) in the emission sur 
face 9 of the light guide plate 7. The light is accordingly 
guided into the Whole region in the light guide plate 7. In this 
process, in the emission surface 9 of the light guide plate 7, 
the light guided to the closely attached portions of the elon 
gated ridges 14 passes through the adhesive 17, and is guided 
into the elongated ridges 14 of the collimating ?lm 12 via the 
incidence surfaces 15. 

Since this light is incident upon the light guide plate 7 via 
the second incidence end surface 8b on the left side vieWed 
from the observation side of the liquid crystal display panel 1, 
as shoWn in FIG. 6, the light is introduced into the elongated 
ridges 14 of the collimating ?lm 12 via the incidence surfaces 
15 toWard a direction opposite to the second incidence end 
surface 8b With respect to the normal line of the emission 
surface 9 of the light guide plate 7, that is, toWard the direction 
inclined on the right side vieWed from the observation side. 
Then, the light is totally re?ected by the interfaces betWeen 
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the second re?ective surfaces 16b of the elongated ridges 14 
on the right side vieWed from the observation side and the 
outside air. The re?ected light passes through the base ?lm 13 
of the collimating ?lm 12 as the illuminative light for the right 
eye having such a directivity that the peak of the emitted light 
intensity exists in the right-eye direction (the direction 
inclined at the predetermined angle in the direction of the 
display observer’s right eye With respect to the normal line of 
the liquid crystal display panel 1), and is emitted toWard the 
liquid crystal display panel 1. 

In this manner, the plane light source 6 emits the light 
emitted from the light emitting element 11a for the left eye 
disposed facing the ?rst incidence end surface 811 on the right 
side vieWed from the observation side of the liquid crystal 
display panel 1 in the ?rst and second incidence end surfaces 
811, 8b of the light guide plate 7 as the illuminative light for the 
left eye having such a directivity that the peak of the emitted 
light intensity exists in the left-eye direction toWard the liquid 
crystal display panel 1 by the light guide plate 7 and the 
collimating ?lm 12. The source 6 also emits the light from the 
light emitting element 11b for the right eye disposed facing 
the second incidence end surface 8b on the left side vieWed 
from the observation side as the illuminative light for the right 
eye having such a directivity that the peak of the emitted light 
intensity exists in the right-eye direction toWard the liquid 
crystal display panel 1 by the light guide plate 7 and the 
collimating ?lm 12. 

In the embodiment, as described above, the portions of the 
?rst and second re?ective surfaces 16a, 16b of the elongated 
ridges 14 of the collimating ?lm 12 on the incidence surface 
15 side are formed to the condenser re?ective surfaces curved 
in the outward protruding circular shape. Most of the light 
introduced from the incidence surfaces 15 is totally re?ected 
by the interfaces betWeen the condenser re?ective surfaces 
and the outside air. Therefore, the illuminative lights for the 
right and left eyes having such directivities that peaks having 
higher intensities exist can be emitted toWard the liquid crys 
tal display panel 1. 

The plane light source 6 is described, for example, in a 
range of about 12° to 16° in accordance With an observation 
distance of display by application of the liquid crystal display 
device in such a manner that directions including the peaks of 
the intensities of the illuminative lights for the right and left 
eyes match those toWard the display observer’s right and left 
eyes. 

In the preferred embodiment, the plane light source 6 is 
designed in such a manner that each of the directions in Which 
the peaks of the intensities of the illuminative lights for the 
right and left eyes exist is inclined approximately by 15° With 
respect to the normal line of the plane light source 6. 
An emission angle of the light emitted from the emission 

surface 9 of the light guide plate 7 differs With the thickness of 
the light guide plate 7. When the light guide plate 7 is thicker, 
the emission angle With respect to the emission surface 9 
increases, and the emitted light intensity increases, but lumi 
nance unevenness of the emitted light increases. 
An introduced amount of the light emitted from the emis 

sion surface 9 of the light guide plate 7 into the collimating 
?lm 12 differs With a base portion Width (Width of the surface 
contacting the base ?lm 13) W1 and an incidence surface 
Width W2 in the elongated ridges 14. When the incidence 
surface Width W2 is increased, the introduced amount of light 
increases, and the emitted light intensity also rises. When the 
incidence surface Width W2 is increased in this manner, 
Moire fringes are generated by interference of lights intro 
duced into the elongated ridges 14 via the incidence surfaces 
15 and emitted from the other surface of the base ?lm 13. On 
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12 
the other hand, When the base portion Width W1 of the elon 
gated ridge 14 is increased, the emitted light intensity drops, 
and further Moire fringes are also generated. 

Therefore, in the embodiment, the thickness of the light 
guide plate 7 formed of the acrylic resin having a refractive 
index of 1 .49 is set to 0.80 to 2.00 mm. In the collimating ?lm 
12, a pitch P1 of the elongated ridges 14 formed of the acrylic 
resin having a refractive index of 1.49, a distance P2 betWeen 
the adjacent elongated ridges 14, the base portion Width W1 
of the elongated ridge 14, the incidence surface Width W2 of 
the elongated ridge 14, a height H of the elongated ridge 14, 
an inclination angle 6 of the base portion (regular re?ective 
surface) of the re?ective surfaces 16a, 16b of the elongated 
ridge 14 With respect to the base ?lm 13 surface, and a radius 
of curvature R of the condenser re?ective surface of the 
re?ective surfaces 16a, 16b are set in the folloWing ranges: 

P1:0.05 to 0.50 mm; 
P2:0.03 to 0.15 mm; 
W1:0.02 to 0.35 mm; 
W2:0.005 to 0.05 mm; 
H:0.01 to 0.10 mm; 
6:50° to 70°; and 
R:0.30 to 0.80 mm. 

Accordingly, the illuminative lights for the right and left eyes 
having intensity distributions in Which the peak of the emitted 
light intensity exists in the direction around 15° With respect 
to the normal line are emitted from the plane light source 6 
With a su?icient intensity and Without generating any Moire 
fringes. 

In the embodiment, the incidence surfaces 15 of the elon 
gated ridges 14 of the collimating ?lm 12 are bonded to the 
emission surface 9 of the light guide plate 7 via the adhesive 
17, but the refractive index of the adhesive 17 is substantially 
equal to that of the light guide plate 7 or the elongated ridge 14 
of the collimating ?lm 12. Moreover, the ?lm thickness is 
about 25 um. Therefore, the adhesive 17 hardly in?uences the 
emission angles of the illuminative lights for the right and left 
eyes. 
The values of P1, P2, W1, W2, H, 6, R of the collimating 

?lm 12 are preferably as folloWs: 
P1:0.15 to 0.20 mm; 
P2:0.08 to 0.10 mm; 
W1:0.07 to 0.10 mm; 
W2:0.015 to 0.030 mm; 
H:0.03 to 0.06 mm; 
6:55° to 65°; and 
R:0.40 to 0.60 mm. 

In the ranges, the illuminative lights for the right and left eyes 
having the intensity distributions in Which the peak of the 
emitted light intensity exists in the direction around 15° With 
respect to the normal line are emitted from the plane light 
source 6 With a higher intensity and Without generating any 
Moire fringes. 

FIG. 7 is an intensity distribution diagram of the illumina 
tive lights for the right and left eyes, emitted from the plane 
light source 6, in Which the plate thickness of the light guide 
plate 7 is in a range of0.80 to 2.00 mm, and the values ofP1, 
P2, W1, W2, H, 6, R ofthe collimating ?lm 12 are set to the 
preferable ranges as described above. 

In FIG. 7, a transverse angle of vision is an angle of an 
abscissa direction (direction crossing a length direction of the 
elongated ridge 14 of the collimating ?lm 12 at right angles) 
of the plane light source 6 vieWed from the observation side of 
the liquid crystal display panel 1, a negative angle of vision is 
an angle in a left direction With respect to the normal line of 
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the plane light source 6, and a positive angle of vision is an 
angle of a right direction With respect to the normal line. 
As seen from FIG. 7, the plane light source 6 emits the 

illuminative light for the left eye having an intensity distribu 
tion in Which the peak of the emitted light intensity exists in 
the vicinity of the direction inclined approximately by 15° in 
the left direction With respect to the normal line (direction 
having an angle of vision of 0°). The source also emits the 
illuminative light for the right eye having the intensity distri 
bution in Which the peak of the emitted light intensity exists in 
the vicinity of the direction inclined approximately by 150 in 
the right direction With respect to the normal line. 

The emitted light intensity into a front surface direction 
(direction in the vicinity of the normal line) of the plane light 
source 6 is about 40% or less of that in the direction in Which 
the peak of the illuminative light for the right and left eyes 
exists as shoWn in FIG. 7. Therefore, it is possible to emit the 
illuminative lights for the right and left eyes Which are clearly 
divided and Which have good directivity. 

In the ?rst and second directive diffusion plates 18, 19 
disposed betWeen the liquid crystal display panel 1 and the 
plane light source 6, the ?rst directive diffusion plate 18 is a 
diffusion plate having diffusion characteristics With respect to 
the illuminative light for the left eye emitted in the left-eye 
direction from the plane light source 6. The second directive 
diffusion plate 19 has diffusion characteristics With respect to 
the illuminative light for the right eye emitted in the right-eye 
direction from the plane light source 6. Either diffusion plate 
has an area corresponding to the Whole region of the display 
area 110 of the liquid crystal display panel 1. The ?rst direc 
tive diffusion plate 18 Will be hereinafter referred to as a 
directive diffusion plate for the left eye, and the second direc 
tive diffusion plate 19 Will be referred to as a directive diffu 
sion plate for the right eye. 

FIG. 8 is an diffusion characteristic diagram of the ?rst 
directive diffusion plate 18 and second directive diffusion 
plate 19. In FIG. 8, the transverse angle of vision is an angle 
of a direction parallel to the abscissa (lateral direction) of the 
plane light source 6 vieWed from the observation side of the 
liquid crystal display panel 1, the negative angle of vision is 
an angle in the left direction With respect to the normal lines 
of the diffusion plates 18, 19, and the positive angle of vision 
is an angle of the right direction With respect to the normal 
line. 
As seen from FIG. 8, the directive diffusion plate for the 

left eye 18 hardly diffuses the illuminative light for the right 
eye and passes the light in the illuminative lights for the right 
and left eyes emitted from the plane light source 6, and 
diffuses and emits the illuminative light for the left eye on the 
liquid crystal display panel 1 side. The directive diffusion 
plate for the right eye 19 hardly diffuses the illuminative light 
for the left eye and passes the light in the illuminative lights 
for the right and left eyes emitted from the plane light source 
6, and diffuses and emits the illuminative light for the right 
eye on the liquid crystal display panel 1 side. 

Diffusion start angles of the directive diffusion plate for the 
left eye 18 and directive diffusion plate for the right eye 19 are 
set in accordance With angles of directions in Which the peaks 
of the intensities of the illuminative lights for the right and left 
eyes emitted from the plane light source 6 exist. 

In the embodiment, as described above, the plane light 
source 6 is designed in such a manner that each of the direc 
tions in Which the peaks of the intensities of the illuminative 
lights for the right and left eyes exist is inclined approxi 
mately by 15 o with respect to the normal line of the plane light 
source 6. Therefore, each of the diffusion start angles of the 
directive diffusion plates for the both eyes 18, 19 (angles With 
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respect to the normal lines of the diffusion plates 18, 19) is set 
around 150 as shoWn in FIG. 8. 

Both directive diffusionplates 18, 19 are stacked upon each 
other. The directive diffusion plate for the right eye 19 is 
disposed in the vicinity of or in contact With the emission 
surface of the plane light source 6 (base ?lm 13 surface of the 
collimating ?lm 12), and the incidence surface of the liquid 
crystal display panel 1 is disposed in the vicinity of or in 
contact With the directive diffusion plate for the left eye 18. 

Therefore, according to the liquid crystal display device, 
the illuminative light for the left eye emitted from the plane 
light source 6 including the emitted light of the direction in 
Which the peak of the emitted light intensity exists is diffused 
by the directive diffusion plate for the left eye 18. The illu 
minative light for the right eye emitted from the plane light 
source 6 including the emitted light of the direction in Which 
the peak of the emitted light intensity exists is diffused by the 
directive diffusion plate for the right eye 19. Each of the 
illuminative lights can be incident upon the liquid crystal 
display panel 1 as a light having a uniform intensity distribu 
tion Without any Moire fringes. 

Additionally, the directive diffusion plate for the left eye 18 
has the diffusion characteristics With respect to the illumina 
tive light for the left eye in the illuminative lights for the right 
and left eyes emitted from the plane light source 6, and hardly 
diffuses the illuminative light for the right eye to pass the 
light. The directive diffusion plate for the right eye 19 has the 
diffusion characteristics With respect to the illuminative light 
for the right eye, and hardly diffuses the illuminative light for 
the left eye to pass the light. Therefore, the diffused illumi 
native lights for the right and left eyes can be incident upon 
the liquid crystal display panel 1 substantially Without chang 
ing the directions. 

In the embodiment, the directive diffusion plate for the left 
eye 18 is disposed on the liquid crystal display panel 1 side, 
and the directive diffusion plate for the right eye 19 is dis 
posed on the plane light source 6 side. Conversely, the ?rst 
directive diffusion plate 18 may also be disposed on the plane 
light source 6 side, and the second directive diffusion plate 19 
may also be disposed on the liquid crystal display panel 1 
side. 

Next, the control means 20 for driving the liquid crystal 
display panel 1 and the plane light source 6 Will be described. 
Although any concrete constitution is not shoWn, the control 
means 20 comprises: a Write control circuit Which controls 
the gate-side driver 4 and data-side driver 5 of the liquid 
crystal display panel 1; and an illumination control circuit 
Which controls emission of the lights of three colors of red, 
green and blue from the both light emitting elements 11a, 11b 
of the plane light source 6. 
The control means 20 selects unit color image data of three 

colors of red, green and blue for displaying the image for the 
left eye, and unit color image data of three colors of red, green 
and blue for displaying the image for the right eye in an 
optional order to Write the data in pixels of the liquid crystal 
display panel in a frame for displaying a three-dimensional 
image comprising the images for the right and left eyes. The 
means emits an illuminative light having color and directivity 
corresponding to the unit color image data Written in each 
pixel of the liquid crystal display panel 1 from the plane light 
source 6 in the illuminative lights for the right and left eyes in 
synchroniZation With the Writing of the unit color image data. 
The unit color image data of three colors of red, green and 

blue for displaying the images for the right and left eyes are 
image data of color components of red, green and blue by 
right and left lenses in the color images picked up by a digital 
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camera including tWo right/left image pickup lenses dis 
posed, for example, at an interval of 6 cm. 

The liquid crystal display device displays a three-dimen 
sional color image by ?eld sequential display. In one frame 
for displaying one three-dimensional image, the control 
means 20 selects the unit color image data of three colors of 
red, green and blue for displaying the image for the left eye 
and that of three colors of red, green and blue for displaying 
the image for the right eye in the optional and successively 
Writes the data in the respective pixels of the liquid crystal 
display panel 1. The illuminative light having the color and 
directivity corresponding to the unit color image data Written 
in each pixel of the liquid crystal display panel 1 the control 
means 20 is emitted from the plane light source 6 in synchro 
niZation With the Write of the unit color image data. Accord 
ingly, six unit color images in total including red, green and 
blue images for the left eye and those for the right eye are 
successively displayed in the predetermined order during one 
frame, so that the display observer observes the three-dimen 
sional color image. 

That is, in the liquid crystal display device, one frame for 
displaying one three-dimensional image is formed by six 
?elds, and one of six unit color images including the red, 
green and blue images for the left eye and those for the right 
eye is successively displayed in the optional order for each 
?eld. 

FIGS. 9 to 13 shoW a plurality of typical examples of the 
display order of the red, green and blue images for the left eye 
and those for the right eye in one frame. 

In the embodiment, one frame is set to 30 HZ, one ?eld is set 
to 180 HZ, and a satisfactory three-dimensional color image is 
observed Without any ?ickering. 

According to the liquid crystal display device, since the six 
unit color images are successively displayed one by one, each 
of the unit color images is displayed using all the pixels of the 
liquid crystal display panel. Thus, the three-dimensional 
color image having high resolution can be displayed. 

Additionally, according to the liquid crystal display device, 
the plane light source 6 may emit the illuminative light for the 
left eye of three colors of red, green and blue, having such a 
directivity that the peak of the emitted light intensity exists in 
the direction inclined at the predetermined angle in the 
observer’ s left-eye direction With respect to the normal line of 
the liquid crystal display panel 1. The source may also emit 
the illuminative light for the right eye of three colors of red, 
green and blue, having such a directivity that the peak of the 
emitted light intensity exists in the direction inclined at the 
predetermined angle in the observer’s right-eye direction 
With respect to the normal line toWard the all of the display 
area 110 in Which a plurality of pixels of the liquid crystal 
display panel 1 are arranged. Therefore, the liquid crystal 
display device can be easily manufactured. 

Moreover, in the embodiment, the plane light source 6 
comprises: the light guide plate 7 formed of the plate-like 
transparent member and including the ?rst and second inci 
dence end surfaces 811, 8b Which are formed on the end 
surfaces of the transparent member facing each other and 
upon Which the light is incident, and the emission surface 9 to 
emit the light Which is incident upon the ?rst and second 
incidence end surfaces 811, 8b and Which is guided in the 
transparent member in the mutually different directions. The 
source 6 also comprises the light emitting elements 11a, 11b 
for the right and left eyes Which are disposed facing the ?rst 
and second incidence end surfaces 8a, 8b of the light guide 
plate 7 to selectively emit the lights of three colors of red, 
green and blue toWard the incidence end surfaces 811, 8b. The 
source further comprises the collimating ?lm 12 Which is 
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disposed on the emission surface 9 of the light guide plate 7. 
The surface 9 emits the light incident upon the light guide 
plate 7 via the ?rst incidence end surface 811 and emitted from 
the emission surface 9 as the illuminative light for the left eye, 
having such a directivity that the peak of the emitted light 
intensity exists in the left-eye direction and also emits the 
light incident upon the light guide plate 7 via the second 
incidence end surface 8b and emitted from the emission sur 
face 9 as the illuminative light for the right eye having such a 
directivity that the peak of the emitted light intensity exists in 
the right-eye direction. Therefore, the illuminative lights for 
the right and left eyes can be emitted from the plane light 
source 6. 

Additionally, in the embodiment, the collimating ?lm 12 
includes a plurality of elongated ridges 14 disposed in parallel 
With the ?rst and second incidence end surfaces 8a, 8b of the 
light guide plate 7 on the surface facing the light guide plate 
7. Each of the elongated ridges 14 includes: the incidence 
surface 15 Which faces the emission surface 9 of the light 
guide plate 7 and Which introduces the light emitted in the 
mutually different directions from the emission surface 9 of 
the light guide plate 7; the ?rst re?ective surface 1611 Which 
re?ects one of the lights of the mutually different directions, 
introduced from the incidence surface 15, in the left-eye 
direction; and the second re?ective surface 16b Which re?ects 
the other light in the mutually different directions, introduced 
from the incidence surface 15, in the right-eye direction. 
Therefore, the illuminative lights for the right and left eyes 
having satisfactory directivity are incident upon the liquid 
crystal display panel 1, so that the satisfactory three-dimen 
sional color image can be observed. 

Furthermore, in the embodiment, since the ?rst and second 
re?ective surfaces 16a, 16b of the elongated ridge 14 are 
formed on the condenser re?ective surface curved in the 
outWard protruding circular shape, the light introduced from 
the incidence surface 15 can be re?ected by the condenser 
re?ective surface, and the illuminative light for the right and 
left eyes having such a directivity that a higher-intensity peak 
exists can be emitted toWard the liquid crystal display panel 1. 

Moreover, in the liquid crystal display device of the present 
embodiment, the directive diffusion plate for the left eye 18 
having the diffusion characteristics With respect to the illu 
minative light for the left eye emitted in the left-eye direction 
from the plane light source 6, and the directive diffusion plate 
for the right eye 19 having the diffusion characteristics With 
respect to the illuminative light for the right eye emitted in the 
right-eye direction from the plane light source 6 are further 
disposed betWeen the liquid crystal display panel 1 and the 
plane light source 6. Therefore, the illuminative light for the 
right and left eyes emitted from the plane light source 6 are 
formed in lights Which do not have any Moire fringes and 
Whose intensity distribution is uniform. Moreover, the illu 
minative lights for the right and left eyes can be incident upon 
the liquid crystal display panel 1, respectively, substantially 
Without changing the directions. 

In the embodiment, the collimating ?lm 12 of the plane 
light source 6 has a constitution in Which the elongated ridges 
14 are separated from each other at an interval (distance P2), 
but the collimating ?lm 12 may also be constituted in such a 
manner that the elongated ridges 14 are closely arranged as in 
another embodiment shoWn in FIG. 14. 

Moreover, in the embodiment, the collimating ?lm 12 has 
a constitution in Which the elongated ridges 14 are disposed 
on the surface facing the light guide plate 7 of the base ?lm 13, 
but in the collimating ?lm 12, the elongated ridges 14 may 
also be integrally formed on the surface facing the light guide 
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plate 7 of the transparent ?lm (preferably the transparent ?lm 
having a refractive index substantially equal to that of the 
light guide plate 7). 

Furthermore, in the liquid crystal display device of the 
present invention, in addition to the three-dimensional color 
image, a plane image may also be displayed in a ?eld sequen 
tial manner. In this case, the unit color image data of red, 
green and blue picked up for either of the right and left eyes or 
by one image pickup lens are successively Written into the 
respective pixels of the liquid crystal display panel 1. The 
illuminative lights for the right and left eyes having the color 
corresponding to the Written unit color image data may also 
be emitted from the plane light source 6 in synchronization 
With the Writing of the unit color image data. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the speci?c details and rep 
resentative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 

What is claimed is: 
1. A three-dimensional liquid crystal display device com 

prising: 
a liquid crystal display panel including a plurality of pixels 

arranged in a matrix form, Wherein color image data of 
three colors of red, green and blue in color images for 
right and left eyes for observation separately With the 
right and left eyes is selectively Written in the pixels, and 
Wherein the panel selectively displays color images of 
three colors of red, green and blue in the color images for 
the right and left eyes in accordance With the color image 
data for the right and left eyes; 

a plane light source Which is disposed on a side opposite to 
an observation side of the liquid crystal display panel 
and Which emits a ?rst illuminative light of three colors 
of red, green and blue, having a directivity such that a 
peak of an emitted light intensity exists in a ?rst direc 
tion inclined at a predetermined angle in a direction of 
one of an observer’s right and left eyes With respect to a 
normal line of the liquid crystal display panel, and a 
second illuminative light of three colors of red, green 
and blue, having a directivity such that a peak of an 
emitted light intensity exists in a second direction 
inclined at a predetermined angle in a direction of the 
other one of the observer’s right and left eyes With 
respect to the normal line of the liquid crystal display 
panel; and 

a control unit Which selects unit color image data of three 
colors of red, green and blue for displaying the color 
image for the left eye, and unit color image data of three 
colors of red, green and blue for displaying the color 
image for the right eye in a predetermined optional order 
to successively Write the data in the pixels of the liquid 
crystal display panel in one frame for displaying a three 
dimensional image comprising the color images for the 
right and left eyes, so that, among the ?rst and second 
illuminative lights, an illuminative light Which has color 
and directivity corresponding to the unit color image 
data Written in each pixel of the liquid crystal display 
panel is emitted from the plane light source in synchro 
niZation With the Writing of the unit color image data, 

Wherein the plane light source comprises: 
at least tWo light emitting elements Which selectively 

emit lights of three colors of red, green and blue; 
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a light guide plate Which guides the respective lights 

emitted by the light emitting elements, the light guide 
plate having an emission surface from Which the light 
is emitted toWard different directions inclined With 
respect to a normal line of a light guide plate surface; 
and 

a collimating ?lm Which emits a ?rst one of the lights 
emitted toWard the respective different directions 
from the light guide plate as the ?rst illuminative light 
toWard the ?rst direction and Which emits a second 
one of the lights as the second illuminative light 
toWard the second direction, and 

Wherein the collimating ?lm comprises a base ?lm and a 
plurality of elongated ridges formed on a surface of the 
base ?lm, each of the elongated ridges including: (i) ?rst 
and second re?ective surfaces comprising curved sur 
faces intersecting With the surface of the base ?lm, and 
(ii) an incidence surface parallel to the emission surface 
of the light guide plate and intersecting With the curved 
surfaces. 

2. The three-dimensional liquid crystal display device 
according to claim 1, Wherein adjacent elongated ridges are 
brought into close contact With each other. 

3. The three-dimensional liquid crystal display device 
according to claim 1, Wherein the incidence surface of each of 
the elongated ridges is closely attached to the emission sur 
face of the light guide plate. 

4. The three-dimensional liquid crystal display device 
according to claim 1, Wherein the incidence surface of each of 
the elongated ridges is bonded to the emission surface of the 
light guide plate via an adhesive layer. 

5. The three-dimensional liquid crystal display device 
according to claim 1, Wherein the elongated ridges of the 
collimating ?lm are formed of a transparent material Whose 
refractive index is equal to that of the light guide plate. 

6. A three-dimensional liquid crystal display device com 
prising: 

a liquid crystal display panel including a plurality of pixels 
arranged in a matrix form, Wherein color image data of 
three colors of red, green and blue in color images for 
right and left eyes for observation separately With the 
right and left eyes is selectively Written in the pixels, and 
Wherein the panel selectively displays color images of 
three colors of red, green andblue in the color images for 
the right and left eyes in accordance With the color image 
data for the right and left eyes; 

a plane light source Which is disposed on a side opposite to 
an observation side of the liquid crystal display panel 
and Which emits a ?rst illuminative light of three colors 
of red, green and blue, having a directivity such that a 
peak of an emitted light intensity exists in a ?rst direc 
tion inclined at a predetermined angle in a direction of 
one of an observer’s right and left eyes With respect to a 
normal line of the liquid crystal display panel, and a 
second illuminative light of three colors of red, green 
and blue, having a directivity such that a peak of an 
emitted light intensity exists in a second direction 
inclined at a predetermined angle in a direction of the 
other one of the observer’s right and left eyes With 
respect to the normal line of the liquid crystal display 
panel; and 

a control unit Which selects unit color image data of three 
colors of red, green and blue for displaying the color 
image for the left eye, and unit color image data of three 
colors of red, green and blue for displaying the color 
image for the right eye in a predetermined optional order 
to successively Write the data in the pixels of the liquid 
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crystal display panel in one frame for displaying a three 
dimensional image comprising the color images for the 
right and left eyes, so that, among the ?rst and second 
illuminative lights, an illuminative light Which has color 
and directivity corresponding to the unit color image 
data Written in each pixel of the liquid crystal display 
panel is emitted from the plane light source in synchro 
niZation With the Writing of the unit color image data, 

Wherein the plane light source comprises a light guide 
plate, a collimating ?lm and a light emitting element, 

Wherein the the light guide plate comprises a plate-like 
transparent member having: 
?rst and second incidence end surfaces Which are 

formed on opposite end surfaces of the transparent 
member and upon Which the light is incident; and 

an emission surface Which emits the light that is incident 
upon the ?rst and second incidence end surfaces and 
that is guided in the transparent member in mutually 
different directions, 

Wherein the light emitting element comprises ?rst and sec 
ond light emitting elements Which are disposed on sides 
of the ?rst and second incidence end surfaces of the light 
guide plate and Which produce the lights of three colors 
of red, green and blue to selectively emit the lights to the 
incidence end surfaces, and 

Wherein the collimating ?lm comprises an optical ?lm 
Which is disposed to face the emission surface of the 
light guide plate and Which emits the light incident upon 
the light guide plate via the ?rst incidence end surface 
and emitted from the emission surface as the ?rst illu 
minative light having the directivity such that the peak of 
the emitted light intensity exists in the ?rst direction, and 
Which emits the light incident upon the light guide plate 
via the second incidence end surface and emitted from 
the emission surface as the second illuminative light 
having the directivity such that the peak of the emitted 
light intensity exists in the second direction. 

7. The three-dimensional liquid crystal display device 
according to claim 6, Wherein the control unit Writes the unit 
color image data of red of the color image for the left eye, that 
of blue of the color image for the right eye, that of green of the 
color image for the left eye, that of green of the color image 
for the right eye, that of blue of the color image for the left eye, 
and that of red of the color image for the right eye in that order 
into the respective pixels of the liquid crystal display panel, 
and controls lighting of the light source in accordance With 
the color of the Written unit color image data and the direc 
tivity of the Written image data in synchronization With the 
Writing. 

8. The three-dimensional liquid crystal display device 
according to claim 6, Wherein the control unit Writes the unit 
color image data of red of the color image for the left eye, that 
of green of the color image for the left eye, that of blue of the 
color image for the right eye, that of green of the color image 
for the right eye, that of blue of the color image for the left eye, 
and that of red of the color image for the right eye in that order 
into the respective pixels of the liquid crystal display panel, 
and controls lighting of the light source in accordance With 
the color of the Written unit color image data and the direc 
tivity of the Written image data in synchronization With the 
Writing. 

9. The three-dimensional liquid crystal display device 
according to claim 6, Wherein the liquid crystal display panel 
comprises: 

a pair of substrates on Which electrodes are formed; 
a liquid crystal layer sealed betWeen the electrodes and 

tWisted/oriented by 90°; and 
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a pair of polariZing plates disposed on the pair of sub 

strates. 

10. The three-dimensional liquid crystal display device 
according to claim 6, Wherein the liquid crystal display panel 
comprises: 

a pair of substrates on Which electrodes are formed; 
a liquid crystal layer sealed betWeen the electrodes and 

homogeneously oriented Without being tWisted/ori 
ented; and 

a pair of polariZing plates disposed on the pair of sub 
strates. 

11. The three-dimensional liquid crystal display device 
according to claim 6, further comprising: 

a ?rst directive diffusion plate having diffusion character 
istics With respect to the ?rst illuminative light emitted in 
the ?rst direction from the plane light source; and 

a second directive diffusion plate having diffusion charac 
teristics With respect to the second illuminative light 
emitted in the second direction from the plane light 
source. 

12. A three-dimensional liquid crystal display device com 
prising: 

a liquid crystal display panel including a plurality of pixels 
arranged in a matrix form to selectively display images 
for right and left eyes for observation separately With the 
right and left eyes; 

a plane light source Which is disposed on a side opposite to 
an observation side of the liquid crystal display panel, 
the light source emitting ?rst and second illuminative 
lights, the ?rst illuminative light having a directivity 
such that a peak of an emitted light intensity exists in a 
?rst direction inclined at a predetermined angle in a 
direction of one of an observer’s right and left eyes With 
respect to a normal line of the liquid crystal display 
panel, and the second illuminative light having a direc 
tivity such that a peak of an emitted light intensity exists 
in a second direction inclined at a predetermined angle 
in a direction of the other one of the observer’s right and 
left eyes With respect to the normal line of the liquid 
crystal display panel; and 

a control unit Which successively selects image data for the 
left eye for displaying an image for the left eye and 
image data for the right eye for displaying an image for 
the right eye to Write the data into each pixel of the liquid 
crystal display panel, so that the ?rst and second illumi 
native lights, Which have the directivities corresponding 
to the data for the right and left eyes Written in the 
respective pixels of the liquid crystal display panel, are 
selectively emitted from the plane light source in syn 
chroniZation With the display of the liquid crystal dis 
play panel by the Writing of the image data, 

Wherein the plane light source comprises: 
a plurality of light emitting elements; 
a light guide plate Which guides at least tWo lights pro 

duced by the light emitting elements to emit the light 
from a light guide plate surface toWard different direc 
tions inclined With respect to a normal line of the light 
guide plate surface; and 

a collimating ?lm Which emits one of the at least tWo 
lights emitted toWard the respective different direc 
tions from the light guide plate as the ?rst illuminative 
light toWard the ?rst direction, and Which emits the 
other light of the at least tWo lights as the second 
illuminative light toWard the second direction, 

Wherein the light guide plate comprises a plate-like trans 
parent member having ?rst and second incidence end 
surfaces Which are formed on opposite end surfaces of 
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the transparent member and upon Which the light is 
incident, and an emission surface to emit the light Which 
is incident upon the ?rst and second incidence end sur 
faces and Which is guided in the transparent member in 
mutually different directions, 

Wherein the light emitting elements include ?rst and sec 
ond light emitting elements Which are disposed to 
respectively face the ?rst and second incidence end sur 
faces of the transparent member and Which selectively 

at least tWo light emitting elements Which selectively 
emit lights of three colors of red, green and blue; 
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a light guide plate Which guides the respective lights 

emitted by the light emitting elements, the light guide 
plate having an emission surface from Which the light 
is emitted toWard different directions inclined With 
respect to a normal line of a light guide plate surface; 
and 

a collimating ?lm Which emits a ?rst one of the lights 
emitted toWard the respective different directions 
from the light guide plate as the ?rst illuminative light 

emit the light toWard the respective incidence end sur- 10 toWard the ?rst direction and Which emits a second 
faces, and one of the lights as the second illuminative light 

Wherein the collimating ?lm comprises an optical ?lm tOWard the second direction, 
Which is disposed on the emission surface of the trans- Wherein the collimating ?lm includes a plurality of elon 
parent member and Which emits the light incident upon gated ridges that are disposed in parallel With ?rst and 
the light guide plate via the ?rst incidence end surface 15 second incidence end surfaces of the light guide plate 
and emitted from the emission surface as the ?rst illu- and that are on a side facing the light guide plate, each of 
minative light having the directivity such that the peak of the plurality of elongated ridges including: 
emitted light intensity etXists in the ?rst direetiOn and anincidence surface Which faces the emission surface of 
Wh1ch emits the light 1nc1dent upon the light gu1de plate the light guide plate to introduce the light emitted in 
via the second incidence end surface and emitted from 20 mutually different directions from the emission sur 
the emission surface as the second illuminative light face of the light guide plate; 
havihg the (hreeth’ity Sheh that the Peak of ehhtted hght a ?rst re?ective surface Which re?ects the ?rst one of the 
lhtehslty eXlStS 1h the Seeehd dlreetleh- lights of the mutually different directions, introduced 

‘1'3. A three-dimensional liquid cry stal display device COIII- from the incidence surface, in the ?rst direction; and 
Phslhg? 25 a second re?ective surface Which re?ects the second one 

a liquid crystal display panel ineludihg a plurality ofpixels of the lights having the different directions, intro 
arranged In a matrix form, Wherem Color Image data of duced from the incidence surface, in the second direc 
three colors of red, green and blue in color images for tion, 
right ahd left eyes for ehsel'vatieh Separately With the 30 14.Athree-dimensional liquid crystal display device com 
right and left eyes is selectively Written in the pixels, and prising; 
Wherelh the Pahe1 seteeth’ety thslhays eeter _1h1ages of a liquid crystal display panel including a plurality of pixels 
three colors of red, green and blue 1n the color images for arranged in a matrix form wherein Color image data of 
the right and left eyes in accordance With the color image three Colors of red, green and blue in Color images for 
data her the hght tett eyes; _ _ 35 right and left eyes for observation separately With the 

a plane llght sO~Uree~Wh1Ch 1s dIs'POsed 011 a slde 0PP0S1te to right and left eyes is selectively Written in the pixels, and 
an OhSeI‘VatIOh s1de Ofthe liquld Cry sta1 dlsplay Panel Wherein the panel selectively displays color images of 
and WhlCh emlts a ?rst 1llum1nat1ve hght efthree C0101" 5 three colors of red, green andblue in the color images for 
of red, green and blue, havlng 2‘ dlrectlvlty such that a the right and left eyes in accordance With the color image 
peak of an emitted light intensity exists in a ?rst direc- 40 data for the right and left eyes; 
t1on 1ncl1ned at a predetermmed angle 1n~ a d1rect1on of a plane light source Which is disposed on a Side Opposite tO 
ehe efah observer 5 hght ahd teh eyes W1th respeet to a an observation side of the liquid crystal display panel 
herhtat _hhe ef the htlthd Crystal dlsptay Paheh and a and Which emits a ?rst illuminative light of three colors 
second 1llum1nat1ve light three colors of red, green of red, green and hhtes having a directivity SuCh that a 
ah‘t hIhe’haVIhg a ‘hreethhty Sheh that a Peah ehah 45 peak of an emitted light intensity exists in a ?rst direc 
ehhtted hght 1htehS1ty_ exlsts 1h _a Seeehd _ dheeheh tion inclined at a predetermined angle in a direction of 
1ncl1ned at a predetermined angle in a d1rect1on of the one Ofah ohserver’s I.ight and left eyes With respect tO a 
other ehe of the ehsehver S hght 21he left eyes_ W1th normal line of the liquid crystal display panel, and a 
respect to the normal lme of the liquid crystal display Second illuminative hght of three Colors of red’ green 
Pahet; ahd 50 and blue, having a directivity such that a peak of an 

a control unit Which selects unit color image data of three emitted light intensity exists in a second direction 
00101‘ 5 of red, greeh ahd blue for displaying the Color inclined at a predetermined angle in a direction of the 
image for the left eye, and unit color image data of three other One of the ohserver’s right and left eyes with 
00101‘ 5 of red, greeh ahd blue for displaying the Color respect to the normal line of the liquid crystal display 
image for the right eye in a predetermined optional order 55 panel; and 
to sheeeesh’ety Whtethe data 1h the ptxets 0t the hqthd a control unit Which selects unit color image data of three 
etystat fllsplay Pahe1 1h ehe hahte fer thsptaylhg athree' colors of red, green and blue for displaying the color 
d1mens1onal 1mage compr1s1ng the color images for the image for the left eye’ and unit Color image data Ofthree 
hght hhd_teh_eyes> Sethat’ emehg _the hrst ahd Seeehd colors of red, green and blue for displaying the color 
lhhhhhathfe hghts, ah lhhhhhatlve hght Whlch ha? Color 60 image for the right eye in a predetermined optional order 
ahd dlreeth’lty eerreshehdlhg to the hhlt eeter thtage to successively Write the data in the pixels of the liquid 
data Whtteh 1h eaeh Ptxet of the hqthd eryetat dlsplay crystal display panel in one frame for displaying a three 
Phhet 1S ehhtted heth _the Ptahe hght Seuree 1h Syhehre' dimensional image comprising the color images for the 
n1Zat1on W1th the Wntmg of the umt color image data, I.ight and left eyes so that among the ?rst and Second 

Whereih the Plane light Source COIIIPI‘iSeSI 65 illuminative lights, an illuminative light Which has color 
and directivity corresponding to the unit color image 
data Written in each pixel of the liquid crystal display 
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panel is emitted from the plane light source in synchro 
niZation With the Writing of the unit color image data, 

Wherein the control unit Writes the unit color image data of 
three colors of red, green and blue of the color image for 
the left eye and that of three colors of red, green and blue 
of the color image for the right eye in that order into the 
respective pixels of the liquid crystal display panel, and 
controls lighting of the light source in accordance With 
the color of the Written unit color image data and the 

niZation With the Writing of the unit color image data, 
Wherein the control unit Writes the unit color image data of 

red of the color image for the left eye, that of red of the 
color image for the right eye, that of green of the color 
image for the left eye, that of green of the color image for 
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the right eye, that of blue of the color image for the left 
eye, and that of blue of the color image for the right eye 
in that order into the respective pixels of the liquid crys 
tal display panel, and controls lighting ofthe light source 
in accordance With the color of the Written unit color 
image data and the directivity of the Written image data 
in synchronization With the Writing. 

16. A three-dimensional liquid crystal display device com 
prising: 

directivity of the Written image data in synchronization 10 a liquid crystal display panel including a plurality of pixels 
With the Writing. arranged in a matrix form, Wherein color image data of 

15.A three-dimensional liquid crystal display device com- three colors of red, green and blue in color images for 
prising: right and left eyes for observation separately With the 

a liquid crystal display panel including a plurality of pixels right and left eyes is selectively Written in the pixels, and 
arranged in a matrix form, Wherein color image data of 15 Wherein the panel selectively displays color images of 
three colors of red, green and blue in color images for three colors of red, green andblue in the color images for 
right and left eyes for observation separately With the the right and left eyes in accordance Withthe color image 
right and left eyes is selectively Written in the pixels, and data for the right and left eyes; 
Wherein the panel selectively displays color images of a plane light source Which is disposed on a side opposite to 
three colors of red, green and blue in the color images for 20 an observation side of the liquid crystal display panel 
the right and left eyes in accordance With the color image and Which emits a ?rst illuminative light of three colors 
data for the right and left eyes; of red, green and blue, having a directivity such that a 

a plane light source Which is disposed on a side opposite to peak of an emitted light intensity exists in a ?rst direc 
an observation side of the liquid crystal display panel tion inclined at a predetermined angle in a direction of 
and Which emits a ?rst illuminative light of three colors 25 one of an observer’s right and left eyes With respect to a 
of red, green and blue, having a directivity such that a normal line of the liquid crystal display panel, and a 
peak of an emitted light intensity exists in a ?rst direc- second illuminative light of three colors of red, green 
tion inclined at a predetermined angle in a direction of and blue, having a directivity such that a peak of an 
one of an observer’s right and left eyes With respect to a emitted light intensity exists in a second direction 
normal line of the liquid crystal display panel, and a 30 inclined at a predetermined angle in a direction of the 
second illuminative light of three colors of red, green other one of the observer’s right and left eyes With 
and blue, having a directivity such that a peak of an respect to the normal line of the liquid crystal display 
emitted light intensity exists in a second direction panel; 
inclined at a predetermined angle in a direction of the a control unit Which selects unit color image data of three 
other one of the observer’s right and left eyes With 35 colors of red, green and blue for displaying the color 
respect to the normal line of the liquid crystal display image for the left eye, and unit color image data of three 
panel; and colors of red, green and blue for displaying the color 

a control unit Which selects unit color image data of three image for the right eye in a predetermined optional order 
colors of red, green and blue for displaying the color to successively Write the data in the pixels of the liquid 
image for the left eye, and unit color image data of three 40 crystal display panel in one frame for displaying a three 
colors of red, green and blue for displaying the color dimensional image comprising the color images for the 
image for the right eye inapredetermined optional order right and left eyes, so that, among the ?rst and second 
to successively Write the data in the pixels of the liquid illuminative lights, an illuminative light Which has color 
crystal display panel in one frame for displaying athree- and directivity corresponding to the unit color image 
dimensional image comprising the color images for the 45 data Written in each pixel of the liquid crystal display 
right and left eyes, so that, among the ?rst and second panel is emitted from the plane light source in synchro 
illuminative lights, an illuminative light Which has color niZation With the Writing of the unit color image data; 
and directivity corresponding to the unit color image and 
data Written in each pixel of the liquid crystal display at least one directive diffusion plate Which is disposed 
panel is emitted from the plane light source in synchro- 50 betWeen the liquid crystal display panel and the plane 

light source and Which has diffusion characteristics With 
respect to the light incident from a predetermined direc 
tion. 


